Abstract. Electrochemical buffing technology (ECB) applies electrochemical and mechanical finishing characteristics in the surface finishing process. ECB can buff ultrahigh purity components to make them shine, without leaving residual stress, micro-cracks, and etc. The control parameters of the ECB process include current density, the rate of revolution of the buffing head, the buffing pressure on the surface, the concentration of electrolyte, the buffing time and others. Improper control parameter setting in the process will result in unsatisfactory surface quality. It is necessary to determine optimal control parameters of an ECB process with robust performance that can insure surface quality and process reliability. In this study, parametric analyses were conducted on electrochemical buffing technology.An ECB system with a CNC machine was established. The buffing head was clamped on the tool holder of the CNC machine. It was used on a flat surface for automatic surface buffing. Taguchi′s parameter design approach is employed to evaluate signal-to-noise ratios (SN) given from various levels of these factors. Then, the optimized control parameters will be recognized thus can get the optimal surface buffing, reducing with the lowest variability. The contribution of every factor to the sum of square is calculated. An experiment is performed using the optimal control parameters to confirm the results of the previous experiment. The results reveal that the ECB process yields the desired mirror-like surface.
Introduction
Buffing is traditionally performed manually or with the assistance of a machine. Both approaches to buffing rely heavily on the operator's experience and skill to ensure surface quality and working efficiency. This study presents electrochemical buffing (ECB) technology to shorten buffing time and ensure buffing quality. ECB represents an improvement over traditional buffing methods. ECB process can be utilized to buff ultrahigh purity components of SUS 316L VV to make them shine without leaving residual stress, micro-cracks, etc [1, 2] . ECB process applies electrochemical and mechanical finishing characteristics in the surface finishing process [1] . This process is a reverse metal plating process. When the buffing head (cathode) and the workpiece (anode) are connected via an electrolyte in the gap between them, the metal cations move from the anode (workpiece) toward the cathode (buffing head). The metal ions react chemically with the electrolyte during the process to generate M(OH)x compound. The major material composition of the ultrahigh purity components (SUS 316L VV), for example, is iron and the chemical reaction equations of iron (Fe) are [3, 4, 5] Reaction at anode: Metal dissolution
Reaction at cathode: Hydrogen evolution
The complete reaction
The Fe(OH) 2 forms a sediment in the electrolyte and the H 2 is released into the air. The above reaction equations reveal that no electrolyte is consumed. Water (H 2 O) is depleted as Fe(OH) 2 and H 2 are formed. The electrolyte concentration varies slightly, and can be easily adjusted by adding water to the electrolyte tank. Since the cathode (buffing head) is not involved in the electrochemical reaction, the cathode does not undergo attrition. The positive ions (Fe 2+ ), rather than dissolving into the electrolyte, react with the OH -ions to form Fe(OH) 2 on the surface of the workpiece. The Fe(OH) 2 forms a thin passive film which is dielectric, soft and porous, and can be easily removed by the mechanical buffing action in the ECB process [6] .
During the ECB process [2] , as presented in Figure 1 , the buffing cathode is connected to the ground pole of the power source and the workpiece, the anode, is connected to the positive pole of the power source. The gap between the cathode and the anode is filled with a passivative electrolyte such as NaNO 3 . The buffing head and the workpiece maintain flexible contact at the appropriate buffing pressure. After the electrodes are connected to the DC power source, the electric field is established between them. The workpiece underwent anodic dissolution . The iron begins the anodic reaction on the workpiece surface before it dissolved into the electrolyte. It forms a thin film of a passive compound, as presented in Figure 2 [7] . The mechanical action of the buffing head buffs off the tips of the passive film and thus exposes fresh metal substratum. This iterative process of electrochemical and mechanical actions between the workpiece and the buffing head shortens and smoothes the tips of the metal surface, improving both mean surface roughness, Ra, and maximum surface roughness, Rmax. 
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The controllable parameters of the ECB process are current density, rate of buffing head revolution, buffing pressure on the surface, concentration of electrolyte, buffing time and others. Using unsuitable control parameters detrimentally affects buffing quality.
An engineer must acquire knowledge of the test results and do his/her best to determine the optimal control parameters of the process, such as by performing a parametric experiment on the ECB process to identify the dominant factors; support on-sight operations as a consultant, increase the efficiency of the manufacturing process, and reduce the variation of the buffing quality. This study is particular value in these respects. The results of this study not only reduce the time and cost of trial-and-error tests but also enable customers to be responded quickly.
Research Methodology
Taguchi methods [8] are used to analyze the signal-to-noise ratio during manufacturing process control and optimize quality. An experimental L 9 orthogonal array is adopted with various control parameter combinations. Research has concentrated on parameter design, using the concept of Dr. Taguchi to evaluate signal-to-noise (SN) ratios. All the response values generated in this experiment were transformed to SN ratios and an analysis was performed. A statistical estimate was used to estimate SN ratios for various factor-level combinations. The highest SN ratio is associated with the optimal factor-level combination, which offers the minimal variance.
An experiment is performed using the optimum control parameters to confirm the results of the earlier experiment. Temperature of electrolyte Electrolyte concentration Composition of electrolyte Grit size on the buffing head These experiments elucidate the effects of changing the levels of the factors on the results of ECB process, with a focus on the effectiveness of buffing and the evaluation of the ECB process. In this study, the concentration of the electrolyte, the buffing time, the material of specimen, the temperature of the electrolyte, the composition of the electrolyte and the grit size on the buffing head were fixed as listed in Table 1 . Therefore, the experiments herein involve three main factors at three levels. The Taguchi method (SN ratios) is applied. Different control parameter combinations that are determined by an L 9 orthogonal array are used in the experiment and factor level combinations. Every factor level combination is separately to conduct a reduplicate factor experiment in a random way. Table 2 presents the finally selected experimental factors and factor levels.
Experimental Design
3.2 Specimen and buffing head. Figure 3 schematically depicts the geometry and dimensions of the specimen. Figure 4 schematically depicts the buffing head. Fig. 4 Schematic diagram of the buffing head. Figure 5 presents the experimental procedure. The first step is to degrease and clean superficial contamination from the testing specimens. Following cleaning, all specimens were examined to obtain data on the roughness of the surface. Then a parametric study of the ECB process was performed. The surface roughness (Ra) was measured following the ECB process. Finally, analyses of the experimental results, the variance and the SN ratio were performed to determine the effects of the process parameters. 
Experimental procedures.

Selection of target value.
A smaller variance of the roughness Ra of the surface (µm) corresponds to better surface buffing quality. A smaller Ra corresponds to more robust capability on surface buffing.
3.5 Measurement of target value. Ra was measured using a roughness measuring system. Fuigure 6 presents the measuring system. Fig. 6 The roughness measuring system. Figure 7 presents a photograph of a buffed specimen after the ECB process. The results reveal that the ECB process yields the desirable mirrorlike surface. Figure 8 presents Figure 7 presents a photograph of a buffed specimen after the ECB process. The results reveal that the ECB process yields the desirable mirrorlike surface. Figure 8 presents the photograph of the ECB process.
Results and Discussion
In this study, an experimental L 9 orthogonal array is employed for various control parameter combinations. The L 9 orthogonal array of parameters is designed based on the Taguchi method to evaluate the signal-to-noise ratios (SN). All of the response values obtained in this experiment were converted to SN ratios, and an analysis was performed. A statistical estimation was performed to obtain SN ratios for various combinations of factor levels. The highest SN ratio was associated with the optimal factor-level combination, which corresponds to the minimum variance. The first step of Taguchi data analysis is to convert all the observed value of experimental combination into SN ratios. Since the roughness Ra of the surface is smaller-is-better in these experiments, the "smaller-is -better" of the SN ratio should be calculated from the data. The equation for the SN ratio calculation is as follows. One of main goals of these experiments is to determine the optimal standard level for each factor. According to the definition of SN ratio, a higher SN ratio corresponds to a higher quality of the result, because the societal loss is lower when the SN ratio is higher. Therefore, a higher SN ratio was selected herein in this study. Table 3 and Figure 9 present the effects of controllable factors on SN s . Figure 9 reveals that the most beneficial combination of factor levels is A 3, B 3 and C 3 . A final process was performed in a confirmation run. The results verified the estimated response value in the confidence interval, and that the ECB process yielded the desirable mirrorlike surface.
(a) current density Fig. 8 Photo of ECB process. Fig. 7 Photo of specimen before and after ECB process.
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(b) contacting force (c) revolution Fig. 9 The effects of controllable factors on SN s for (a) current density, (b) contacting force and. 
Summary
Three controllable factors (parameters) each had three levels in these experiments on the ECB process. An experimental L 9 orthogonal array was employed for various control parameter combinations. The L 9 orthogonal array was the parameter design based on the Taguchi method, used to evaluate SN ratios. All of the response values obtained in this experiment were converted to SN ratios. The highest SN ratio corresponded to the optimal combination of parameter levels, because it was associated with the minimum variance. Following Taguchi's SN analysis, the combination A 3, B 3 and C 3 was selected as optimal with the following levels; current density of 2.0 A/cm 2 , buffing pressure on surface of 36 Kpa, and rate of revolution of buffing head of 900 rpm.
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